The lung function of 31 children, aged 6-13 years, who had whooping cough as infants and 32 control children matched for age, sex, and residence area were compared in a community based cohort study. Family history of obstructive airway disease, smoking habits in the family, atopy, and other background factors examined were similar in the two groups. The ratios of recalled repeated acute respiratory infections did not differ among the groups. Children in the control group were slightly more involved in physical activities. History of obstructive airway disease, findings on chest radiography, and distribution of immunoglobulin concentrations, including IgE, did not differ significantly. Lung function before and after exercise and after inhalation of salbutamol were not different. No impairment of small airways was detected. Our data do not support the hypothesis that whooping cough in itself is a causal factor for later obstructive respiratory disease.
The Nordic School of Public Health, PO Box 12 133, S-402 42 Goteborg, Sweden. Accepted 25 January 1990 Vaccination against whooping cough was stopped altogether in Sweden 1979. An increased incidence of whooping cough had been observed even before the discontinuation of general immunisation. Judged by reported figures of complications and mortality the disease has not had as serious immediate consequences during the 1970s and 1980s as before the vaccination era. ' On the other hand respiratory diseases during childhood have been claimed to cause abnormal pulmonary function later in life.2 3 Lung disease, when the airways are most vulnerable, can leave scars detectable only many years later. 4 Children with a history of lower respiratory tract infections in infancy are said to be at a greater risk of developing symptoms of respiratory disease later in life. 7 The same statement has been made for whooping cough alone or complicated by bronchopneumonia.8'0 Whooping cough is said to be most severe in infancy. 12 Chest radiography and spirometry will detect gross abnormalities like hyerinflation, bronchiectasis, and atelectasis. Whooping cough during infancy might result in minor degrees of residual damage to the lung, detectable only when measurements of small airways function are made.
Preliminary data based on more refined methods reported pulmonary abnormalities in seven out of 10 Swedish adolescents who were symptom free more than 12 years after infant whooping cough with pneumonia. 3 A British comparative study found no impairment of lung function nine years after infant whooping cough as judged by conventional tests of lung function and histamine challenge testing of bronchial reactivity. 4 Respiratory symptoms, however, were more common in children who had had whooping cough and who were also more likely to have a family history of wheezing illness.
The aim of this study was to investigate if infant whooping cough could be considered as a predisposing factor for small airways disease later in life because of the implications for childhood prevention even though the disease and its immediate sequelae are basically under control in Sweden.
Methods

SUBJECTS
To be included children had to have had whooping cough at <13 months of age. Controls had to have had no overt signs of whooping cough or longer coughing periods and to have had no contact with suspected cases as recalled by the parents and/or recorded in available medical and welfare records.
For children without records of a positive culture of Bordetella pertussis whooping cough was defined as an acute respiratory infection lasting four to eight weeks, with a catarrhal stage followed by paroxysmal coughing with or without whoops and vomiting.
Children with whooping cough were recruited from two sources. (1) Twenty eight children with whooping cough reported by their parents during infancy were taken from a 10% random sample of four birth cohorts in Goteborg from 1972, 1977, 1978, and 1980 . They had earlier participated in a study on incidence and vaccination coverage.'5 Twelve (43%) came for an interview and had a venous blood sample taken (table 1). Two of these had been in hospital during the course of their whooping cough. (2) In the same age cohorts 32 other children from the same town had been treated in the two existing hospitals with infant whooping cough. These were invited as well and 21 (66%) participated after the same invitation procedure as above with one letter and a telephone call (table  1) . Of the total number of 60 children, eight had moved from town and could not be reached.
Four control subjects for each case were initially chosen from the random sample, matched for age, sex, and area of residence. Thirty six of the 116 that could be reached participated (31%). The sample size of the children who had had whooping cough was fixed by the number of children available. The larger number of control subjects was selected because a substantial nonresponse was anticipated.
The most common cause for non-attendance both for cases and controls was fear of venepuncture. Among children who had had whooping cough who dropped out there was no difference in distribution of age and sex. They did not have any severe respiratory disease as judged by available hospital and outpatient department records, and their median age for infection with whooping cough was 5 months (range 1-11).
After the interview it was found that two children who had had whooping cough did not come for lung function tests and four controls did not meet the inclusion criteria ( Vaccination state of the subjects was ascertained by notifications in the cards from child welfare centres, where all newborns are registered and virtually all childhood vaccinations take place.
Frequent acute respiratory infections were considered present when the parent judged the child having had much absence from day care, preparatory school, or school or they themselves had to stay home much from work to care for the child. Acute respiratory symptoms were defined for practical purposes as symptoms from an infection somewhere in the respiratory tract and related structures (sinus, middle ear, and pleura). Previous and current treatment with antibiotics, remedies for obstructive symptoms, nose drops, etc was noted.
Physical ability was estimated during the same interview from answers by the parents and children to questions of the child's activities inside and outside school-for example, whether the child played with friends, took part in training sessions, had sports as a hobby, and whether he or she had any achievements in athletics.
If the child had been in a household for more than a year with one or more habitual smokers (smoking daily in the household) this was considered as a background factor.
At the same time a blood sample was taken for determination of erythrocyte sedimentation rate, white cell count, haemoglobin concentration, and concentrations of IgA, IgE, IgG, and IgM, and with IgG subclasses 1, 2, and 3. The child then got an appointment for radiography and lung function tests, which were done without the laboratory staff knowing to which group the child belonged. Bicycle ergometry was done by the same person throughout the study (JB). Height and weight development was assessed by a growth nomogram. '8 Lung function tests were performed when the subjects had been free from any intercurrent respiratory symptoms for at least three weeks before testing and if chest radiography by anteposterior and lateral position was normal. The films were re-examined after the initial examination by one of the authors (IC). Three cases and one control refused to have the radiographic examination but were allowed to participate because there were no suspicions of ongoing respiratory disease.
Lung function studies were performed before noon. Each subject produced at least three visually acceptable flow-volume curves (Jaeger Pneumoscreen). Forced expiratory volume in one second (FEV1), maximum expiratory flows when 50 and 25% of forced vital capacity remained to be expired (MEF50, MEF25) were read from the curve with the largest forced vital capacity. Static lung volumes-that is, total lung capacity, vital capacity, functional residual capacity, and residual volume were measured by means of a pressure compensated volume displacement body plethysmograph.'9 Airway closure expressed in percent of vital capacity and the slope of the alveolar plateau (A N2) were assessed by the single breath nitrogen washout test. 20 After establishment of basal lung function exercise capacity was assessed by bicycle ergo-metry to exhaustion. Exercise induced bronchial constriction was looked for by flowvolume curve recordings 2 and 4 minutes after stopping exercise. Salbutamol (0-15 mg/kg, maximum dosage 5 0 mg) by means of a PariBoy nebuliser (Siemens Elema) was then given and flow-volume curves were again registered 20 minutes after salbutamol.
All lung function equipment was calibrated daily. All results were corrected to body temperature, pressure, and saturation conditions. better working capacity, which did not reach statistical significance, with a maximum work load of 140-6 watts as compared with 120-5 for children who had had whooping cough (p=0 2).
Both groups declined in MEF50 after maximum work by 5%. Five cases (16%) and two controls (6%) reduced their MEF50 to less than 80% after exercise with a minimum of 73% in both groups. Values after salbutamol increased with 17% and 15% respectively. Power calculations were carried out using the data of table 4. To illustrate consider the MEF25: the difference between the means of cases and controls was 0 15, which is 10% of the general level of the two groups. Given this as the true difference, the actual sample size and the observed SDs the power according to tables was below 50%.
Discussion
The present study could not show any difference between the children who had had whooping cough during the first year of life and control children with respect to retrospective data on airway diseases. Furthermore differences in indices of present lung function, including small airways function, were not seen. This is in accordance with the findings of Johnston et al, who measured lung function after infant whooping cough in a controlled study, taking presumed functional silence of the peripheral airways into account. 14 Sveger et al in their report of 10 subjects found evidence of changes in minor airways. The study was uncontrolled, based on children hospitalised with whooping cough and bronchopneumonia verified by chest radiography. '3 Likewise an Australian study using measurements of small airways function came to the same conclusion based on 30 children treated in hospital with whooping cough when they were less than 6 months old. 10 Currently available epidemiological data relevant for testing the hypothesis that infant whooping cough is a risk factor for subsequent small airways disease are inconclusive. A direct test of this by a prospective longitudinal study is very difficult.
As the hypothesis is of great interest for the discussion about risks and benefits of pertussis vaccination, indirect evidence has to be collected from different studies using either historical cohorts or case-control methodology. To our knowledge only three other studies have used the former approach with a control group.9 14 22 Misclassification reduces the strength of association-for example, if controls 
